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two-to-one). The model considers four main types of interaction sites: polar (P), non-polar (N), apolar (C), and charged (Q). Within a main type, subtypes are distinguished either by a letter denoting the hydrogen bonding capabilities (d=donor, a=acceptor, da=both, 0=none), or by a number indicating the degree of polarity (from 1=low polarity, to 5=high polarity). In the coarse grained representation, the PC head group consists of two hydrophilic groups: the choline (type Q 0 ) and the phosphate group (Q a ). The former bears a positive charge, the latter a negative one. Two sites of intermediate hydrophilicity (N a ) are used to represent the glycerol ester moiety. Palmitoyl tails are modeled by four, oleoyl, stearoyl, and arachidonyl tails by five, and the C 24 tail by six hydrophobic CG particles. For saturated chains, the particle type is C 1 . The single double bond of the oleoyl tail is modeled by a central more hydrophilic C 3 particle to account for the polarizable nature of the double bond. For the arachidonyl chains, the yet slightly more hydrophilic C 4 type is used for all tail particles except for the terminal tail bead which is of type C 1 . In case of the C 24 chain another C 1 particle is added. Cholesterol is mapped onto eight CG particles (see Figure 1C in the main manuscript). The hydrophilic head group is modeled as SP 1 (where the S denotes the special ring type), the sterol body by four SC 1 and one SC 3 particle accounting for the presence of a double bond, and two tail particles (SC 1 attached to the sterol body, and C 1 for the terminal group). The solvent is modeled as a single type P 4 site, representing four water molecules.
Non-bonded interactions:
Non-bonded interactions are described by a Lennard-Jones (LJ) potential.
The strength of the pair interaction, determined by the value of the well depth of the LJ potential, depends on the interacting particle types. The value of the LJ well depth ranges from ! = 5.6 kJ/mol for interactions between strongly polar groups to ! = 2.0 kJ/mol for interactions between polar and apolar groups mimicking the hydrophobic effect. The effective size of the particles is governed by the LJ parameter " = 0.47 nm for all normal particle types. For the special class of particles used for ring-like molecules such as cholesterol, slightly reduced parameters are defined to model ring-ring interactions; " = 0.43 nm, and ! is scaled to 75% of the standard value. The full interaction matrix can be found in S3 the original publication 1 . In addition to the LJ interaction, charged groups (type Q) bearing a charge q interact via a Coulombic energy function with a relative dielectric constant ! rel = 15 for explicit screening. Note that the non-bonded potential energy functions are used in their shifted form. The nonbonded interactions are cutoff at a distance r cut = 1.2 nm. The LJ potential is shifted from r shift = 0.9 nm to r cut . The electrostatic potential is shifted from r shift = 0.0 nm to r cut . Shifting of the electrostatic potential in this manner mimics the effect of a distance-dependent screening.
Bonded interactions: Bonded interactions are described by a standard set of harmonic functions. The force constants are generally weak, inducing flexibility of the molecule at the coarse grained level resulting from the collective motions at the fine grained level. A two body bonded potential is used for chemically bonded sites, and a three body angle potential to represent chain stiffness. A four body improper dihedral angle potential is used to prevent out of plane distortions of the sterol moiety.
Standard bonded parameters were used for the lipids as well as for cholesterol; details can be found Simulation parameters: The simulations described in this paper were performed with the GROMACS factor we use is a factor of four, which is the speed up factor in the diffusional dynamics of CG water compared to real water 5 . The time scale quoted in the main manuscript of the paper is therefore an effective time scale, which should be interpreted with care. The total effective time sampled is 6 µs for the DAPC, SAPC, and DTPC systems. The POPC simulation was extended to 60 µs in order to get more accurate data on the cholesterol flip flop rate.
Data analysis
Neutron scattering profile: The neutron scattering profiles were calculated from the simulation trajectory by time averaging the lateral density profiles, weighing the contribution from each atom by the neutron scattering length density (NSLD) per atom. The average scattering factor for the system was subtracted from the profile. Subsequently, arbitrary scaling of the density was performed to match the peak heights of the experimental profiles. The scattering from the cholesterol head group only was obtained by subtracting the profiles arising from specifically deuterated cholesterol and undeuterated cholesterol. Note that we did not perform additional simulations (the CG model is not detailed enough to discriminate between normal and deuterated cholesterol), but simply recalculated the neutron scattering profiles using a different assignment of the atom NSLDs. In the CG model, the contribution of the six deuterium atoms (the experimental measurements 4 use [2,2,3,4,4,6-2 H 6 ]-cholesterol) are distributed equally among the cholesterol head group bead and the first bead of the sterol body.
Structural parameters:
The bilayer repeat distance was simply taken from the box dimension in the zdirection, and the area/lipid as the product of the box dimensions in the x and y directions (divided by 21, the total number of lipids and cholesterol per monolayer). The bilayer thickness is defined as the distance between the two maxima of the neutron scattering profile. The accuracy of the structural parameters reported in Table 1 neutron scattering profiles to a sum of three Gaussians (see Figure 1A of the main manuscript).
Integration of the individual terms gives their relative populations. The average for both usual populations in each of the two monolayers was used, implying that the free energy difference measures the free energy change going from parallel to the bilayer normal in a particular monolayer to a position in between the monolayers. Since each bilayer consists of two monolayers, the free energy difference between a position in between the monolayers and a position anywhere else in the bilayer would be larger by a term ln 2. The standard error estimate of the free energy values reported in Table 1 of the main manuscript is 1 kJ mol -1 for DAPC, DTPC, and SAPC, and 2 kJ mol -1 for POPC. The error estimate was obtained based on the differences between individual cholesterol molecules and by dividing the trajectory into independent blocks of 1 µs.
Tilt angle: The orientation of cholesterol was defined as the angle between the bilayer normal (zaxis), and the vector connecting the head group site to the tail site that is directly attached to the sterol body. Histograms of this angle were obtained by binning the angles using a bin width of 1 0 . These histograms were also fitted to a sum of multiple Gaussians, from which the most probable "tilt" angle and the standard deviation were determined. The tilt angles presented in Table 1 Visual images: Visual images were prepared using the VMD (Visual Molecular Dynamics) software 6 , version 1.8.6.
Comparison to all-atom simulations
In order to see whether more detailed models could also provide evidence for the depletion of cholesterol from its usual position aligned with the lipid tails and the hydroxyl group located near the aqueous interface, we performed additional simulations for the DAPC system using an atomistic force field. The force field used for the atomistic simulations was based on the Gromos 53A6 force field 7 with reparameterized ester and head group moieties 
